ABSTRACT
RESUMEN

Objetivo: Los perfiles nutricionales recientes de ingesta dietética han indicado un cambio de la dieta antigua a la dieta occidental. La dieta antigua ofrecía un consumo alto de potasio frente a un consumo bajo
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INTRODUCTION
Throughout the years, the ancient diet evolved into a modern Western diet (1−3). The human kidneys are tailored to the ancient diet, which provided a high potassium and low sodium intake, which in turn leads to sodium conservation and potassium excretion (1−3). A decrease in fruits and vegetable intake coupled with an increase of processed foods and grains intake has completely shifted the ratio of dietary sodium and potassium. With the modern Western diet and a lack of renal adaptation, there is ineffective potassium conservation -major losses through renal and fecal route -leading to the deficit of potassium in the body. This in turn enhances the retention of sodium by the kidneys (1, 2) . With an excess of sodium in the body, the extracellular fluid volume expands, leading to the release of digitalis-like factors affecting the sodium-potassium ATPase. Hypertensive risks are then increased due to an increased peripheral vascular resistance secondary to a vascular smoothmuscle cell contraction triggered by both the excess of cellular sodium and the deficit of cellular potassium (1, 2) . A broad body of evidence demonstrates that potassium intake negatively correlates with elevated blood pressure, the main risk factor for cardiovascular disease (1−4). However, the level of the correlation relies on various factors such as salt-sensitivity, determined by genetic factors, race/ethnicity, age, body mass, diet and associated disease states (4). AfroCaribbeans have been identified as a salt-sensitive population (4−7), with higher urinary potassium excretion than whites (5, 6) . In addition, compared to whites, blacks have a higher prevalence of low-renin and salt-sensitive hypertension (5, 7) and a lower potassium intake (1). The potential causes include differences in the intra-renal renin angiotensin aldosterone system (RAAS), in the medullar thick ascending limb, urinary sodium and potassium excretions and the interaction of the proximal sodium reabsorption and aldosterone production (5) . A relationship between angiotensin and hypertension has been found, and is affected by dietary intakes of sodium and potassium, as determined from excretion rates, coupled to the plasma aldosterone in blacks. Aldosterone production is suppressed by greater sodium reabsorption in the more proximal nephron region (5) .
There has been growing interest concerning dietary potassium and cardiovascular risks in the Afro-Caribbean population. Indeed, an increase in dietary potassium has been shown to abolish sodium sensitivity in both normotensive and hypertensive subjects (1) . However, no data have been found on dietary potassium intake in the Afro-Caribbean population, nor tabulated against urinary potassium excretion values. This study investigates the observed usual dietary potassium intake of Barbadians and its correlation with their urinary potassium excretion, which will help to understand the handling of potassium in the Afro-Caribbean population and potentially detect any differences compared with persons of European or Asian descent. The outcome of the investigation will therefore add to the volume of information published in the Caribbean on potassium excretion, and whether renin status, low plasma renin activity (PRA) effecting salt sensitivity, affects potassium handling. The impact of potassium excretion on systolic blood pressure will also be assessed to investigate any potential correlation with renal potassium handling and cardiovascular disease.
SUBJECTS AND METHODS
The study was approved by the Institutional Review Board (IRB) of The University of the West Indies, Barbados, and the Ministry of Health, Barbados. A sample of 51 healthy participants of Afro-Caribbean origin was recruited for the study from The University of the West Indies' Health Services Clinic and the staff clinic at the Hilton Barbados. The exclusion criteria included alcohol intake greater than 14 units per week for women, 21 units per week for males (1 unit = 8 g of alcohol), recreational drug use, smokers (greater than one year), diabetics (diagnosed or on fasting blood glucose), hypertensive patients on medication (JNC pre-hypertension was acceptable), clinically evident vascular disease, and participants with a body mass index (BMI) less than 18 kg/m 2 or greater than 36 kg/m 2 .
In total, 26 females and 25 males aged between 18 and 55 years old participated in the study. Subjects were asked to attend the department on two separate occasions. Upon the first visit, participants were provided with a blood pressure monitor and a container to collect a 24-hour urine sample. A supine blood sample was taken to determine the PRA levels. During the second visit, measurements of height, weight and waist circumference were noted. Also, blood pressure monitors as well as urine samples were returned.
Participants were instructed to initiate urine collection after the first void in the morning period. All volumes of urine and blood samples were recorded. Samples were submitted to the Hypertension and Vascular Disease Center, Wake Forest University Health Sciences for analysis of the PRA in the plasma and electrolytes in the urine.
Dietary potassium intake was thus estimated with the measured urinary potassium excretion. As shown by Turban et al, black participants excrete 50 to 74% of dietary potassium in their urine (7) . In addition to the urinary potassium, observations of daily dietary choices among staff and students and food menus were made at the Cave Hill Campus of The University of the West Indies in order to estimate the daily dietary potassium intake. The observed usual intake was validated by the data published by Sharma et al (8) in the population-based, case-control, Barbados National Cancer Study (BNCS).
SPSS version 19 was used to analyse the data to make inferences. Descriptive data were reported by means (± SD). Pearson's regression analysis was used to identify significant correlations of study variables at the 95% confidence level Cohall et al Table 2 tabulates measured urinary electrolytessodium, potassium, sodium potassium ratio and creatinineexcretion in Brazil (9), Canada (10), Japan (11), India (12) and the United Kingdom [UK] (12), compared to the data collected from the Afro-Caribbean sample in Barbados. The results suggest that the sample of Barbadians have the highest urinary excretion of potassium and creatinine compared to the other groups outside of the Caribbean. Table 3 displays the correlation between 24-hour urinary potassium excretion and urinary sodium and creatinine excretion, BMI, systolic and diastolic blood pressure, systolic blood pressure dip and PRA. Only urinary sodium, potassium and creatinine excretions showed statistically significant positive correlations. Interestingly, all other variables showed no significant correlation. Correlations were also investigated with the ratio of the 24-hour urinary sodium and potassium excretion values (Na/K). The only significant correlations with the urinary Na/K ratio were found with urinary creatinine excretion and waist circumference.
DISCUSSION
On average, the Afro-Caribbean participants were borderline overweight, as evidenced by a mean BMI and waist circumference of 24.5 kg/m 2 and 102.1 cm for women and of 26.1 kg/m 2 and 97.7 cm for men. As per the World Heart Federation, being overweight increases the risks of developing hypertension, diabetes and atherosclerosis, which in turn lead to high risk of cardiovascular disease (13) . People with a BMI over 25 kg/m 2 are considered overweight; 41.2% of participants had a BMI over 25 kg/m 2 : 38.4% of females and 44.0% of males. Also, women with a waist circumference above 88 cm, and men over 102 cm, have a high risk of developing cardiovascular disease (13) . This increased risk of developing cardiovascular disease is present in 80.1% of females and 36.0% of males. According to the 2000 Barbados Food Consumption and Anthropometric Surveys (BFCAS), the prevalence of overweight and obesity among adult Barbadians was after verifying if the data were normally distributed by frequency distribution.
RESULTS
Fifty-one Afro-Caribbean persons participated in the study. As seen in Table 1 , the average age and BMI are 36 (± 9) years and 25.3 (± 4.0) kg/m 2 , respectively. The average supine PRA of the participants was 0.778 (± 1.072) ng/mL/hour.
Dietary potassium intake of the targeted population was assessed in two ways. First, based on observations made at The University of West Indies, Cave Hill Campus, daily dietary potassium intake was estimated to be 2.95 g/day. The observed usual intake was validated with the results of the Barbados National Cancer Study, led by Sharma et al (8) . Secondly, based on the urine samples collected, the mean measured daily potassium excretion was found to be 65.61 (± 25.06) mmol/L or 2.56 (± 0.98) g/L. Using the daily urine output volumes of the participants, the average daily urinary potassium excretion is 3.66 (±1.40) g. The measured daily potassium intake was also determined based on reports that blacks excrete 50 to 74% of dietary potassium in their urine (7) . Thus, the measured daily potassium intake ranges between 4.95 and 7.32 g/day.
Potassium Intake and Renal Handling on Cardiovascular Health (14) . This was not consistent with the findings of this study due to the exclusion criteria and the sampling not being conducive to a representative sample of the Barbadian population. Even though dated, the severity of the national statistics and the risk of developing comorbidities such as Type 2 diabetes have been underscored. Health Canada recommends a daily intake of potassium of 4.7 g (15) . As seen in the study, the observed estimated intake was 2.95 g/day and the measured estimated intake was 4.95 to 7.32 g/day. The measured value was calculated based on the study by Turban et al stating that blacks excrete 50 to 74% of dietary potassium in their urine (7) . Thus, compared to the recommendations, the Afro-Caribbean sample in this study has an insufficient potassium intake when considering the observed potassium intake. However, their intake would surpass the recommended intake value if it is estimated from the measured potassium excretion values. These latter intake values are debatable because individual variation in the percentage of dietary potassium excreted in the urine was high and also, unlike sodium, urinary potassium does not closely reflect potassium intake (7). The main sources of potassium in their diet were eggs, mashed potatoes, fish, chicken, fruits, vegetables, juices and beans. The observed intake accounted for 48.12% of the averaged estimated intake from the urinary potassium (6.13 g/day), and 62.8% of the recommended intake. This can possibly be explained by different suppositions. First, there could have been limitations with the observations of the usual intake. There are reasonable fluctuations between daily meals, and variability between individuals, which makes it hard to develop a typical daily dietary intake. On a minor note, the nutritional value of the items constituting a usual diet was taken from the Canadian Nutrient File (16) . There are cultural differences between countries that contribute to different food choices. Thus, further research on the foods' nutritional composition in Barbados and the typical food intake should be done in order to obtain a more reliable value of daily dietary potassium intake.
Based on the observed potassium intake, the percentage of potassium excretion by the Afro-Caribbean sample was in excess of the daily intake. It is also well known that there are disparities with potassium renal handling and excretion among various ethnic groups. Studies have shown that the race difference in potassium excretion represents more than an effect of diet, and that racial differences in food preferences are not sufficient to explain the difference in urinary potassium excretion (5, 17) . A substantial body of literature demonstrates that urinary potassium excretion is lower among people of African descent compared to whites. Surprisingly, as seen in Table 2 , the sample of Barbadians has the highest potassium excretion, compared to persons from other territories outside of the Caribbean. Further work is needed to demonstrate if AfroCaribbean Barbadians have a higher level of potassium excretion or if this was inherently related to the study's sample. It has also been shown that people of African descent have higher sodium retention, causing suppression of renin secretion, and leading to higher risks of hypertension. The averaged supine PRA value from the study's participants was consistent to this inference based on reported values (18, 21) . This altered sodium kinetics was demonstrated in normotensive blacks as well (18) . Studies also show that a high-sodium diet increases the excretion of potassium by increasing distal sodium delivery. With long-term potassium depletion, the renal sodium pump's activity is stimulated, which in turn promotes sodium retention (1) .
Plasma rennin activity is commonly used to measure the overall activity of the RAAS and is a surrogate marker of angiotensin II (4, 19) . Having low renin levels is also more common in persons of African descent (20, 21) , compared with persons of European descent, independent of age and blood pressure status (21). Although the mechanism is not fully understood, the PRA appears to be lower in blacks due to a lower rate of renin secretion. Another explanation suggests that the lower renin is a consequence of differences in renal sodium handling between blacks and whites (21). As known in the literature, people of African descent have an increased tendency to retain sodium. Thus, sodium balance is maintained by a lower PRA. There has also been evidence that there might be a gene variation in the renal epithelial sodium channel at the molecular level (5) . Other studies have investigated this phenomenon in relation to potassium and sodium intakes. Reports indicated that Langford et al studied this hypothesis by delivering 80 mmol potassium chloride (KCl)/day to hypertensive blacks and whites. They found that the PRA in treated blacks had a significant increase, whereas it was unchanged in whites (18) . This finding suggests that the lower PRA may be partly due to low potassium intake in blacks. More so, the high urinary potassium excretion observed in the Barbadian sample could have been partly due to the low plasma renin activity levels in the study participants. As a possible consequence, an increase in the nocturnal peripheral resistance is a likely cause for the diminished systolic blood pressure dip as reported in the findings. This study was conducted on a normotensive sample of participants with an averaged ambulatory blood pressure monitoring (ABPM) reading of 118/74 mmHg. Nevertheless, the low nocturnal systolic blood pressure dip % in these participants would indicate that there is an increase in nocturnal peripheral resistance which can lead to a non-dipping state, a hallmark feature of the salt sensitive state and a precursor to the development of hypertension. The normotensive state of the participants varies significantly from Langford et al's study and might partially explain the lack of correlation between PRA and potassium excretion. However, it is widely known that individuals with lower PRA values tend to be salt sensitive (4) . Logically, for people with low PRA levels, there is the likelihood of high circulating level of aldosterone, which stimulates potassium excretion. This information aligns with our results which show high urinary potassium excretion. Further work would be deemed neces-sary to assess PRA levels in Afro-Caribbean people and to determine its overall consequence in defining salt sensitivity in persons of African descent and their potassium handling.
The INTERSALT study found a significant positive linear relationship between 24-hour urinary sodium excretion and systolic blood pressure after studying 10 079 men and women aged 20-59 from 32 countries (12) . The study also estimated that a decrease of 50 mmol/day in urinary potassium excretion is associated with an increase in systolic pressure of 3.4 mmHg, and diastolic pressure of 1.9 mmHg (1). The urinary Na:K ratio in the INTERSALT study had a significant inverse correlation with blood pressure, which was stronger than either sodium or potassium excretion alone. The current study's urinary Na:K ratio showed a significant inverse correlation with creatinine excretion, and a significant positive correlation with waist circumference. Prior mention was made that 80.1% of females compared to 36.0% of males have a waist circumference suggesting increased risk of developing cardiovascular disease. Interestingly, when using BMI, only 38.4% of female participants had increased risks related to a BMI over 25 kg/m 2 . No significant correlation was found between BMI and urinary electrolytes. It enforces the growing evidence that waist circumference is the more validated anthropometric measure for assessing associated disease risk. Also, a meta-analysis of 33 randomized trials concluded that supplementing potassium intake with ≥ 60 mmol/day in normotensive participants led to a reduction of systolic and diastolic pressure of 1.8 and 1.0 mmHg, respectively. These effects were greater in trials in which over 80% of the subjects were black (1) . Those studies observed a negative correlation between potassium and blood pressure, which differs from this study's findings which addressed urinary potassium. As previously mentioned, it might be due to the fact that the original potassium excretion values were considered, without adjustment to inter-person variability in PRA or potassium handling. Other studies have highlighted some controversy on potassium handling and cardiovascular health. Geleijnse et al did not observe an association between potassium intake and coronary events (22) . They recommended conducting randomized trials and prospective population-based studies, which should be strongly considered for the Afro-Caribbean ethnic group.
Stronger results and interpretation could have been produced with a more statistically robust sample size to investigate the relationships between variables analysed in this study. This study was exploratory and therefore, can be used to develop a randomized population based study to assess the same study parameters. Also, a more standardized approach to record 24-hour dietary intake via a 24-hour recall and food frequency questionnaire could have improved observations for the daily potassium intake. Besides, as per Tayo et al, electrolyte excretions are more strongly associated with the body weight than with BMI (6) . Another recommendation would be to conduct an interventional study on whether potassium handling and blood pressure would be affected by a short-term or longterm change in sodium or potassium intake by Afro-Caribbeans. The Afro-Caribbean population might need different recommended intakes for both dietary potassium and sodium.
